Applicant: Cunningham etal 
lal No. 09/543,612 

e: APPARATUS AND METHOD FOR 

MEASURING THE MASS OF A SUBSTRATE 
Attorney; Roy J. Coleman, Reg. No. 48,863 
Docket No.: DR-3087 



Page 1 of 12 



1/12 



cvj 



CD 
O 



^ o 5 
CD CD Q 

it Q 



CM 



u 



CO 
CO 
CD 



cr 

*E CD 

i 

CD 



-S2 Q 

CD 

Q 




Applicant: Cunningham et al 
^rialNo. 09/543,612 

>e: APPARATUS AND METHOD FOR 

MEASURING THE MASS OF A SUBSTRATE 
Attorney: Roy J. Coleman, Reg. No. 48,863 
Docket No.: DR-308J 
Page 2 of 12 



2/12 





Frequency, f (MHz) 




FIG. 4 




FIG. 5 



Applicant: Cunningham et al 
Serial No. 09/543,612 

Title: APPARATUS AND METHOD FOR 

MEASURING THE MASS OF A SUBSTRAT1 
Attorney: Roy J. Coleman, Reg. No. 48,863 
Docket No.: DR-308J 
Page 4 of 12 

4/12 



Drive Sensor 
Membrane at 
Reference Freq., (f re f) 

I 

Deposit Substance 
on Membrane 

i 

Measure Shifted 
Frequency 

(M 

1 

Detect frequency 
Change in membrane 
(Af = f ref -f s ) 

1 

Determine mass 
of substance based 
on Af 



FIG. 6 








Applicant: Cunningham et at 
erialNo. 09/543,612 

itle: APPARATUS AND METHOD FOR 

MEASURING THE MASS OF A SUBSTRATE 
Attorney: Roy J. Coleman, Reg. No. 48,863 
Docket No.: DR-308T 
Page 5 of 12 



5/12 



-100 



.22 



20 



Oscillator 




f- 102 



Concentration 
Determining 
Device 



Frequency 
Detection 
Device 



Mass 
Determining 
Device 



24 



26 



FIG. 7 





FIG. 8 



Applicant: Cunningham et at 
~£rialNo. 09/543,612 

APPARATUS AND METHOD FOR 
MEASURING THE MASS OF A SUBSTRATE 
Attorney: Roy J. Coleman, Reg. No. 48 863 
Docket No.: DR-308J 
Page 6 of 12 



6/12 



Drive Sensor 
Membrane at Reference 
Frequency (f re f) 



Deposit Solution 
Containig Non-Volatile 
Residue (NVR) 
on membrane 



I 



Allow Solution 
to evaporate 



Measure Shifted 
frequency (f s ) 



I 



Detect frequency 
Change in membrane 
(Af = f ref -f s ) 



Determine mass 
of non-volatile residue 
based on Af 



I 



Compare mass of 
NVR to volume of 
solution to determine 
concentration of NVR 



110 



112 



114 



116 



118 



120 



122 



FIG. 9 




Applicant: Cunningham et at 
""fcrial No. 09/543,612 
f tie: APPARATUS AND METHOD FOR 

MEASURING THE MASS OF A SUBSTRATE 
Attorney: Roy J. Coleman, Reg. No. 48,863 
Docket No.: DR-308J 
Page 7 of 12 



7/12 



200 



.22 



16 18 




24 



Frequency 
Detection 
Device 



204 



Moisture 
Content 
Determining 
Device 



26 



Mass 
Determining 
Device 



l_ 







28 

J 




Display 



J 



FIG. 10 



Applicant: 
INo. 



Attorney: 
Docket No.: 
Page 8 of 12 



Cunningham et aL 
09/543,612 

APPARATUS AND METHOD FOR 
MEASURING THE MASS OF A SUBSTRATE 
Roy J. Coleman, Reg. No. 48,863 
DR-308J 



8/12 



210 



212 



214 



216 



218 



220 



222 



Drive Sensor 
Membrane at Reference 
Frequency (f re f) 



Deposit Substance 
on 

Membrane 



Measure First 
Shifted Frequency 
(fi) 

1 



Determine Primary 
frequency change in 
Membrane 
(Af p = f ref -fi) 

i 



Determine 
intermediate mass (m,) 
of substance based 
on Af p 



Heat substance 
to evaporate 
moisture in substance 



I 



Monitor fi while heating 
until it becomes constant 
at second shifted 
frequency jh) 



1 



Determine secondary 
frequency change in 
Membrane 
(Af s = fj -f 2 ) 



I 



Determine terminal 
mass (m t ) of substance 
based on Af s 



Determine mass change 
(Am) of substance 
(Am = ni| - m t ) 



Determine Moisture 
Content (M) of substance 
M = Am/m/ 



FIG. 11 



224 



226 



228 



230 



Applicant: 
Serial No. 
Title- 
Attorney: 
Docket No.: 
Page 9 of 12 



Cunningham etaL 
09/543,612 
APPARATUS AND METHOD FOR 
MEASURING THE MASS OF A SUBSTRATE 
Roy J. Coleman, Reg. No. 48,863 
DR-308 1 



9/12 



300 




202 



302 



Boiling 
Point 
Determining 
Device 



.22 



rz 24 



Frequency 
Detection 
Device 



r 



26 



Mass 
Determining 
Device 




FIG. 12 



Applicant: Cunningham etal 
rial No. 09/543,612 

tie: APPARATUS AND METHOD FOR 

MEASURING THE MASS OF A SUBSTRATE ' 
Attorney: Roy J. Coleman, Reg. No. 48,863 
Docket No.: DR-308J 
Page 10 of 12 



10/12 




FIG. 13 




FIG. 14 



^Applicant: Cunningham et at 
-ial No. 09/543,612 

He: APPARATUS AND METHOD FOR I 

MEASURING THE MASS OF A SUBSTRATE \ 
Attorney: Roy J. Coleman, Reg. No. 48,863 i 
Docket No.: DR-308J 
Page 11 of 12 



11/12 



310 



Drive Sensor 
Membrane at Reference 
Frequency 



312 



I 



Deposit Substance 
on 

Membrane 



314 



I 



Heat Substance 



315 



Monitor the change 

in frequency vs. 
the change in temp. 
(Af/AT) 



318 




Record T 
as boiling point 
of substance 



FIG. 15 



